Abstract: Changes in relative prices of commodities consumed in different shares across income groups can be expected to alter real income differentials between these groups. Using Mozambican household budget survey and price data from 2002/03 and 2008/09, we show that once relative price increases are accounted for, inequality of real consumption increases substantially. We obtain this result by constructing a price deflator that reflects divergent price dynamics of different product categories. Since the main factors driving this result prevail in other developing countries, it is likely that inequality may be underestimated elsewhere.
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Introduction
The observation that if 'the prices of 'luxuries' and 'necessities' move differently, then different groups are differently affected' (Muellbauer 1974: 32) is far from new but remains under-explored. Existing research on economic inequality in developing countries usually pays little attention to changes in relative prices between basic products and non-necessities. At most, aggregate geographic price indexes are employed to deflate nominal income, implicitly assuming all agents in each region consume the same basket of goods on average.
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This assumption is not innocuous.
Both in advanced and developing countries, rich and poor households live in similar locations yet consume different baskets of goods. Where the prices of goods in their respective baskets follow very different dynamics, application of a single aggregate price index to deflate nominal incomes can yield a misleading view of inequality of real income. Put differently, in addition to spatial heterogeneity in prices, we should be aware of heterogeneity driven by differences in spending patterns along the income distribution combined with shifting relative prices.
In this paper, we explicitly consider the impact of differential price dynamics on inequality of real income. Rather than apply a single price deflator across the income distribution, we construct an alternative deflator that is sensitive to differences in household expenditure on different goods. This new deflator can be constructed at an arbitrary level of specificity; however, for both clarity and practical reasons, we focus on price trends in three broad product categories, namely: (i) basic or 'core' foods; (ii) 'non-core' foods; and (iii) other goods (non-food expenses).
We apply this method to the case of Mozambique over a period of substantial changes in relative prices. Our alternative deflator indicates large differences between inequality of nominal and real income.
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In particular, inequality of real income in Mozambique is shown to be substantially higher as a result of an upward trend in basic commodity prices that occurred around 2000, which was strongly expressed in the food and fuel price crisis of 2007-09. As many developing and foodimporting countries share the drivers of this result, it is possible that the implications for inequality of the rise in the relative price of basic goods in general, and the food and fuel price crisis of 2007-09 in particular, have been underestimated in other countries.
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The remainder of this article is structured as follows. Section 2 briefly presents the motivation. Section 3 describes the general methodology used to construct alternative price indexes. Our approach represents an enhancement of the method due to Günther and Grimm (2007) since it does not depend on any ex ante ranking of households by nominal income. Section 4 applies our approach to the case of Mozambique. It discusses price dynamics over the 2007-09 food price crisis, the data used, and the specific derivation of our new price indexes. Section 5 presents our results concerning inequality for Mozambique, including an analysis at the sub-national level. Section 6 concludes, noting that greater attention to relative price shifts across the income distribution is merited when studying inequality.
1 Noted exceptions that consider the importance of relative prices changes for different population groups are Muellbauer (1974) ; Amble and Stewart (1994) ; Garner et al. (1996); Hagemann (1982) ; Cage et al. (2002) ; Crawford and Smith (2002) ; Leicester et al. (2008) , among others. 2 In the application to Mozambique, we use survey-based estimates of total consumption to proxy for permanent income. 3 For example, Oosthuizen (2013) finds evidence for inequality increases in South Africa due to relative price shifts.
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Motivation
In order to obtain measures of real expenditure, nominal expenditures are usually deflated by a national or region-specific consumer price index (CPI). Since metrics of income inequality are (typically) scale invariant, it follows there should be no difference between measures of inequality of nominal and real income when a single aggregate CPI is used to deflate nominal observations. However, there are established drawbacks to relying on a highly aggregate price index for the purposes of measuring welfare. For example, consumption patterns of poor people may vary substantially across space. Because consumption baskets used to measure absolute poverty in developing countries ideally reflect consumption patterns of the poor (Deaton 1998; Ravallion and Bidani 1994) , steps are increasingly taken to account for these variations (Arndt and Simler 2010) . Indeed, under the costs of basic needs approach, failure to account for the specific consumption patterns of the poor can lead to erroneous conclusions about poverty levels and trends (Tarp et al. 2002; Günther and Grimm 2007) .
The point highlighted by Muellbauer (1974) is that, in addition to spatial heterogeneity, the welfare implications of changes in relative prices can vary according to one's position along the income (consumption) distribution. Even within relatively small geographic areas, households frequently consume substantially different types of goods in different proportions (on a per capita basis). Consequently, neither use of a national/regional price deflator nor a focus on consumption patterns of a specific group (e.g., the poor) is likely to reflect relative price differences across the distribution of income. Consequently, application of such price deflators can be misleading when we wish to analyse developments in inequality of real income.
To fix ideas, the remainder of this section provides an analytical example of how income-specific relative price changes (i.e., differences in costs of living along the income distribution) can drive a wedge between inequality of nominal and real incomes. To do so, presume that the cost of living (average price index) faced by each household is a function of her level of income (consumption), as follows:
where j is the household and y her income. This says that for positive values of , observations of y lying above (below) the mean correspond to a price index less than (greater than) one. In cases where food prices are consistently higher (or rising faster) than prices of all other goods, we expect > 0 by Engel's Law.
This particular specification of the price index is useful on two counts. First, it provides a simple expression for real income ( ) as a function of nominal income and the income-gradient of the cost of living ( )-i.e., omitting household subscripts we have: = = + ( − ). Continuing to assume > 0, it follows that: > if > and vice versa, implying that positive values of induce greater dispersion in real versus nominal income. Second, our price index provides a natural interpretation of . Specifically, noting that:
we can interpret as the percentage point difference in the coefficient of variation of real compared to nominal income.
Focussing on the question at hand, a closed form expression for the effect of alternative values of on inequality of real income can be derived for the Gini coefficient. As shown by Ogwang (2000) , the Gini can be calculated from estimates of a linear regression of the income measure on the associated household income ranks (denoted i). That is, inequality of nominal income is given by:
where is taken from estimates of the linear regression model: = + + ; and ̃= − ̅ . To derive an expression for the partial derivative of the real income Gini to , note that by virtue of our particular specification of the price index, the rank ordering of agents is independent of the choice of . In fact, comparing the corresponding expression for Gini (y ) to Equation (3), the only element that differs is the numerator of the estimate for (here calculated using real income as the dependent variable). Examining this term we have:
It follows that the partial derivative of inequality of real income with respect simply is:
This says that if the application of our income-specific price deflator generates a 10 per cent increase in the coefficient of variation in real income relative to that of nominal income (which corresponds to setting = 0.1), the corresponding Gini coefficient also will rise by 10 per cent. So, in this very stylized case, the sensitivity of inequality to changes in the price gradient is a function of initial income inequality and (trivially) the slope of the income gradient of the cost of living.
It merits comment that this result is a direct corollary of Milanovic's (1997) observation that the Gini coefficient is a product of three elements: the coefficient of variation, the correlation between income and its ranks, and a constant. In this example, only the first of these terms varies with changes in our price index; thus we find a one-to-one relation between changes in and changes in the real income Gini coefficient.
Methodology
Following the above, a price deflator is required that reflects differences in relative prices along the income distribution in a given location. An approach used in previous studies has been to compute a (national) consumer price index for each percentile of the nominal income distribution (e.g., Günther and Grimm 2007) . A drawback of this method is that, in contrast to the stylized example of Section 2, ranking households according to their nominal incomes may not correspond to their ranking by real income, where the latter is calculated from a household-specific 'true' cost of living index. A priori, it is not unreasonable to expect that households with the same nominal per capita income may have very different expenditure shares over alternative goods, meaning that their effective cost of living differs.
To account for this, we derive a consumption deflator based on the observed (chosen) expenditure structure of households. This avoids the problem of relying on the overall value of nominal consumption to construct the price index and directly allows for different relative price movements across categories of expenditure. At the most generic level, therefore, a household-specific price index (defined at time t, subscript not shown) can be defined as:
where k is a member of the set of all goods available in the economy (K); is the observed price index of good k (which takes a value of one in the base year for all goods); and = / ∑ ∈ is the share of household j's expenditure on good k. In this sense, ℎ is just a household-specific version of an aggregate Passche price index.
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Theoretically, there is no reason why the vector ℎ cannot be used to calculate moments of the 'true' real income distribution. In practical terms, however, it is often not possible to implement Equation (6) at the product-specific level. Household budget survey information is never perfect and effective prices cannot be estimated with confidence for all goods in the economy-i.e., there are many goods with few or no price observations or with vast variations in quality, which would make direct estimates of Equation (6) unreliable. Therefore, it is more practical to approximate Equation (6) by considering shares of expenditure on broader product categories.
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This is the route adopted in our application to Mozambique, to which we now turn.
4
Application to Mozambique
Background
Over the period 2007-09, the price of staple foods and fuel increased dramatically on international markets relative to other consumption goods (see Appendix Figure A1 , panel a). These increases were quickly passed on to domestic prices in many developing and developed countries (Dillon and Barrett 2013; Arndt et al. 2008) . The case of Mozambique is of interest because the price upsurge of 2007-09 was captured in a detailed budget survey that was in the field from September 2008 to August 2009. Using official price data from the capital city, Appendix Figure A1 , panel (b), illustrates trends in food and non-food items in Mozambique over time. The two trends diverge substantially in the later period shown. This almost certainly reflects the effect of the international food price upsurge on food products in Mozambique. In particular, from the end of 2006, the price index for non-food products is lower than the overall CPI and substantially lower than the food price index.
Importantly, Mozambique is a net importer of staple foods such as wheat and rice. These items constitute significant budget shares of lower income households, particularly in urban areas.
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In addition, adverse weather conditions depressed agricultural production levels for the 2008 harvest, particularly in the North and Centre (Arndt et al. 2012) . As documented by Hanlon (2009) , food and fuel price rises over 2007-09 lay behind outbursts of social unrest in urban areas in this period. In light of the discussion in previous sections, Mozambique provides a test case of the hypothesis that inequality of nominal and real incomes differ materially once differential relative price trends are captured. Moreover, as in other southern African countries, the degree of inequality in Mozambique is comparatively high by international standards and observed consumption patterns differ markedly between rich and poor.
Data
The primary data used in this study are a series of microeconomic household budget surveys. We (ii) random selection of PSUs within each stratum; and (iii) random selection of households within each PSU. Nine households were selected in each rural PSU and twelve in each urban PSU. Twenty-one strata were constructed, one for each urban/rural area of the ten provinces of Mozambique, plus the capital Maputo City, which does not have a rural area (MPF 2004) . The final sample size of the IAF02 amounts to 8727 households: 4020 urban households and 4707 rural households. The IOF08 has a sample size of 10,832 households, divided into 5223 urban households and 5609 rural households. Both surveys are representative at the national, regional (North, Centre, South), provincial, and urban/rural level, and by survey quarter.
The surveys collected information on the general characteristics of individuals and households, as well as information on daily consumption, monthly consumption, possession of durable goods, transfers, and gifts. Total household consumption (expenditure) is derived from the surveys following the official methodology described in MPD/DNEAP (2010). The total value includes food and non-food consumption, which not only encompass market purchases but also selfproduced goods, imputed rent of housing, the use value of durable goods and consumption of goods via payments in-kind and transfers. The total value of consumption is calculated for the household as a whole. However, for the purposes of analysis these totals are normalized by the number of household members, giving a per capita (mean) value. Details and supplementary information for the IAF02 can be found in MPF (2004), while for the IOF08 it can be found in INE (2010) and MPD/DNEAP (2010). It is important to point out that Mozambique is a large country with relatively weak road infrastructure and low (rural) population density. As a result, price analysis on the budget survey data is undertaken separately for 13 geographical regions. These constitute spatial domains that largely correspond to distinct agroecological conditions and, therefore, potentially large differences in the supply/demand of different food items. This issue is taken up further below.
As described in MPD/DNEAP (2010), food and total poverty lines are constructed from the surveys for each spatial domain. These lines can be used as consumption deflators that reflect the expenditure patterns of poor households across space. The other main source of price information is the official disaggregated data used to track consumer prices. Specifically, Mozambique's official national and regional CPIs are estimated from product-specific monthly price data over the period 2003-09 collected in three urban areas (Nampula, Beira and Maputo located in the North, Centre, and South respectively). This base data can be used to construct bespoke price indexes for different product groups (see further below). Both the budget surveys and the price index series are collected by the National Institute of Statistics (INE).
Household-specific price indexes
Existing price indexes taken from CPI data or the household surveys (poverty lines and their ratios) do not vary within specified geographical locations at each point in time. That is, they ignore local differences in effective living costs along the income distribution. Thus, in order to construct category-and household-specific price indexes for Mozambique, we combine the detailed productspecific CPI data with household expenditure data from the IAF02 and IOF08 surveys. This combination is necessary because the budget surveys only provide detailed data on prices (as distinct from expenditures) for a relatively limited range of food products. These are sufficient to develop and price a cost of basic needs poverty line, but they do not adequately capture the full range of prices for other goods as required here.
We proceed in three steps. First, based on the household data, we divide total household nominal expenditure into three main categories. As noted previously, the motivation for this is that reliable price data is not available for the full range of products in each location. The expenditure categories are: (i) Basic or 'core' foods; (ii) 'non-core' foods; and (iii) all other non-food items. Food items are distinguished between core and non-core categories according to their respective shares of total expenditures. Specifically, in each of the 13 spatial domains we sort food products by their share of total food expenditures. Foods that appear below a cumulative cut-off of 75 per cent of total food expenditure are excluded from the preliminary list in each domain. In turn, core foods are defined as those food items that appear on the retained lists of at least three spatial domains. 8 Second, a different price index is adopted for each product category in each spatial domain.
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For core foods we use the ratio of food poverty lines calculated from the IOF08 and IAF02 surveys. This effectively represents core food inflation that occurred between the two periods, taking 2002/03 as the base. For the two remaining categories, we create bespoke indexes from the CPI data that correspond to other foods (i.e., all foods excluding core food items) and to all other (nonfood) items. Since the CPI data is only available in three locations (regions), individual households are allocated to their 'nearest' available CPI data point.
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Third, a household-specific price index (HPI) is calculated as the sum of the product of each category-specific (and spatial domain-specific) price index and the observed share of household expenditure. The resulting HPI is a weighted average of the three category-specific price indexes, 7 which is just a simplified version of Equation (6). Specifically, for household j in spatial domain d we have: 
Results for price indexes
To begin, Table 1 Columns I to III present the category-specific price indexes used to adjust nominal consumption for the purposes of measurements of inequality of real income. Column I contains the core food index, which is derived from the food poverty lines previously estimated from the household survey data; columns II and III represent the non-core food and non-food categories, calculated from the disaggregated CPI series. For comparison, column IV is the aggregate CPI; and column V is the full (food and non-food) poverty line ratio (PLR) from the two household surveys (IOF08/IOF02).
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The table confirms that prices of different product categories followed different dynamics over time. In particular, in all regions and areas of residence, the price index for core food is always higher than the price index for non-food. This corresponds to the tendencies outlined in Appendix Figure A1 , panel b, where prices of core food products increased more rapidly than non-core foods and non-food items in particular.
Appendix Table A1 reports aggregate expenditure shares by consumption quintile groups. As expected, we observe that poorer households devote a relatively larger share of total consumption to food products (especially core food products) compared to richer households (see also Appendix Figure A2 ).
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Note that the lowest consuming quintile group allocates a smaller share of total consumption expenditure to core food and a higher share to non-food than the second lowest group. This reflects, in substantial measure, imputed values for owner-occupied housing. By design of the sample frame, every household in the sample lives in a dwelling, and a minimum value is ascribed to even the most basic dwelling. As all other expenditures decline, the share of this minimum value rises.
Putting this together, there is clear evidence that the cost of living has an income gradient. Thus, following Equation (7), for each household we calculate the HPI which is a weighted sum of the category-specific price indexes (see Table 1 ) where the weights are their observed consumption shares by category (see summary indicators in Appendix Table A1 ). This gradient is illustrated in Figure 1 , which plots the median HPI for each percentile of nominal per capita consumption in 2008/09. It shows substantial differences in the deflator along the consumption distribution, 11 More precisely, we take the last month of the surveys as our reference points: July 2003 is set equal to 100 while the price index for 2008/09 is taken from August 2009. 12 Since poverty line ratios are computed for each spatial domain d, the national, regional and urban/rural statistics presented are calculated by taking the population weighted averages. 13 In Mozambique almost 55% of the population was classified as consumption poor in 2008/09 (MPD/DNEAP 2010). 8 particularly between the richest quintile and the rest. It follows that use of the HPI is likely to affect metrics of inequality. Note: All indexes refer to the period 2008/09, taking as a base year 2002/03; category-specific price indexes refer to core food, non-core food, and non-food items; index in column I is calculated from household surveys; indexes in columns II and III are calculated from non-food items in the CPI; column IV is the aggregate CPI; column V is the ratio of poverty lines (PLR) also estimated from the household surveys (IOF08/IOF02); all calculations are population-weighted.
Source: Authors' calculations.
Inequality results
For the final stage of analysis, we compare inequality metrics after applying alternative price deflators to nominal consumption, thereby yielding metrics of inequality in real consumption. Our main focus is the HPI (see Equation 7) ; however, for comparison purposes, we also report alternative deflators. Table 2 shows Gini coefficients at national, regional and urban/rural levels without spatial price deflation. Column I reports inequality estimates from the base year (2002/03) for which all price indexes are set to 100, implying the inequality measures refer to nominal per capita consumption only. Column II is the corresponding measure of inequality of nominal per capita consumption in 2008/09 (no deflator applied).
14 Column III applies the CPI deflator (which is constant across all household in each region but varies across regions: North, Centre and South) 14 Results applying no deflator are effectively the same as those from applying a single national deflator. A potential concern when dealing with nominal consumption values in Mozambique is that price levels differ widely between regions, as well as between urban and rural areas (Cirera and Arndt 2008; Tostão and Brorsen 2005; MPF 2004; MPD/DNEAP 2010) . That is, the Mozambican Metical does not have the same purchasing power in all locations. This concern is not addressed in Equation (7) since the focus of deflation there is only on temporal price changes within each spatial domain (for each household), meaning no adjustment is made for differences in price levels between domains. As already noted, one way to deal with this would be to construct a single price index for each category from observed product-specific prices that captures spatial and expenditure share differences.
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However, both the quality of the available price data and the fact that we use price data from different sources (with different geographical coverage) precludes this option. Hence, to address this and consistent with official inequality estimates for Mozambique, we scale nominal consumption by a separate spatial price index that captures internal price differences between locations at a given point in time (MPD/DNEAP 2010) This index is calculated from the food items observed in the household surveys in each of the 13 spatial domains.
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After this spatial adjustment, the HPI can be applied. However, to avoid double counting of spatial differences, we use a modified version of the HPI. This uses as a temporal deflator the national (i.e., weighted average) food poverty line ratio for core food and the national category-specific CPI for non-core food and non-food.
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Thus, the metric of spatially-adjusted real consumption that is sensitive to household-specific consumption choices is given by:
where is the spatial deflator for a given location and period (the population-weighted average of is normalized to one).
18 Table 3 shows the set of Gini coefficients computed taking such spatial adjustments into account, meaning that in all columns a spatial price index (SPI) is used.
What do we learn from these results? Comparison of column I in Tables 2 and 3 with the remaining columns in each table illustrates the estimated impact on inequality of using alternative deflators. In both Tables 2 and 3, comparison of the HPI-based inequality metrics for 2008/09 with the alternatives for the same period isolates the impact of considering the expenditure structure of households when relative prices change. We find that careful consideration of such changes in the relative prices of core food, non-core food, and non-food materially increases estimates of inequality of real consumption in all cases. For Mozambique, the implications of applying the HPI are strongest in the non-spatially deflated case. This occurs because of a correlation between welfare levels and spatial differences in inflation rates over the period considered, meaning that spatial deflation effectively captures some of the variation in relative prices across the income distribution. For the non-spatially deflated measures presented in Table 2 , the increment to inequality at the national level is approximately 4.6 Gini points when comparing columns II and IV.
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Turning to Table 3 , the application of the SPI reduces the level of inequality as measured by the Gini index at all geographical levels relative to Table 2 . This is principally because the SPIs account for higher living costs in urban zones. When using spatially deflated consumption, the Gini index is about 2.6 percentage points higher at the national level when comparing the HPI* with the official estimate for 2008/09 (shown in column II, Table 3 ). Hence, rather than finding a minor decline in inequality between 2002/03 and 2008/09 (see columns I and II of Table 3 ), application of the HPI* now produces a statistically significant increase. Increases of this magnitude are economically meaningful, being roughly equal to the difference in Gini coefficients between relatively less unequal African countries like Mauritius, or Seychelles, and countries like Uganda or Zimbabwe, where income inequality represents a more pressing concern (Ssewanyana et al. 2004 (Ssewanyana et al. , 2012 World Bank 2012; Dashwood 2002; Manjengwa et al. 2012 ).
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Put differently, the same impact on the Gini index is slightly larger than the reduction in inequality experienced by Latin American countries between the late 1990s and the mid-2000s (Gasparini et al. 2011) . It is also larger than the much-discussed rise in inequality observed in the USA between the early 1990s and the late 2000s (OECD 2014).
Our results are not sensitive to the particular measure of inequality used. Panel (a) of Table 4 reports results for the Theil index, obtained from (spatially-adjusted) per capita consumption for 2002/03 and 2008/09, at national, urban/rural, and regional levels. We note that inequality of real consumption for 2008/09 is uniformly largest when the HPI* is used to deflate nominal consumption. The Theil index also permits a decomposition of the inequality measure into between-and within-components. This allows us to study whether the overall inequality measure depends more on the inequality that exists between selected groups, or instead it is due to the inequality within each location (group). We find that both at rural/urban and regional level, the bulk of existing inequality is due to within-group inequality. The between-group component contributes less than 10 per cent for all the deflators applied. The high within-group contribution shows that inequality between individuals in each region/area of residence is predominant. Table 4 presents the percentile ratio p90/p10, which is computed by dividing (spatially-adjusted) real consumption at the 90th percentile of its distribution by real consumption at the 10th percentile. A higher number can be interpreted as representing greater inequality-e.g., a value of five indicates that consumption at the 90th percentile is five times higher than consumption at the 10th percentile. This metric picks up a substantial increase in inequality in urban areas and the South when the HPI* is used. Similar results hold when the Palma index is employed (Table 4 , panel c).
Panel (b) of
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Taking our results as a whole, a consistent finding is that inequality of real consumption in 2008/09 is largest when a HPI is used to deflate nominal consumption. At the national and urban levels, and for each of the three regions of the country, both the HDI-based Gini and Theil indexes are statistically different from their comparators.
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This underlines our thesis that taking due account of the expenditure structure of different income groups makes a significant difference to assessments of inequality. Finally, it merits comment that these results are robust to removal of extreme consumption values (e.g., dropping those at the 1st and 100th percentiles). 
Conclusions
This paper analysed how relative price changes of commodities consumed in different amounts by richer and poorer households influence metrics of consumption (income) inequality. Such relative price differences were particularly evident in developing and especially food-importing countries over the 2007-09 period, characterized by food and fuel price crises. Income groups who relied more on basic (imported) foods were especially hit by the food price upsurge. Relative prices moved such that richer households consuming less basic foods as a share of total expenditure became better off in relative terms.
Using Mozambican household budget survey data from 2002/03 and 2008/09, we compared several inequality indexes based on alternative measures of real consumption. These were obtained using as deflators: (i) the official consumer price index, national or by region (3 regions); (ii) the poverty line from the last survey round (a poverty line in each of 13 spatial domains); and (iii) a composite household-specific price index based on category-specific price indexes for core food, non-core food, and non-food goods. We find that inequality of real consumption is substantially higher-by up to nearly five Gini points-when computed using a composite household-specific 13 price index that is sensitive to differences in the share of these product groups in total household consumption.
There is little reason to believe that Mozambique is a unique or special case. Hence, our methodology is likely to have wider applications. In particular, inequality of real income may have been underestimated in other food-importing developing countries over the 2007-09 food price crisis. The broader point is that greater attention to relative price movements at national and subnationals levels is merited in the analysis of trends in inequality of real income (consumption). core food non-core food non-food
